M axillary sinus augmentation via a lateral window approach (SALW) is an effective procedure to gain bone height for implant placement in an atrophic posterior maxilla. 1, 2 This technique was first published by Boyne and James 3 in 1980. According to them, a bony window was made on the lateral sinus wall and a space was created between the Schneiderian membrane and the sinus walls, where a grafting material was placed. One key advantage of this approach is gaining direct access to the sinus. However, despite the high success rate, complications do occur. 4 The most frequently encountered surgical complication is perforation of the Schneiderian membrane. 5 Other complications include massive bleeding, infection, implant displacement into the sinus, etc. 1 More than often these complications are related to the sinus anatomy and preexisting antral pathologies. Knowledge about common sinus diseases and variations in sinus anatomy would greatly reduce the occurrence of these complications. Therefore, this article aimed at reviewing antral diseases and anatomy that might predispose to surgical complications in SALW. A treatment proposal aiming at managing antral diseases was introduced. In addition, the management of these surgical complications was discussed.
MAXILLARY SINUS DISEASES
One of the main functions of the maxillary sinus is to humidify and filter the air inhaled in the nose. It is achieved by a layer of specialized respiratory epithelium, classified as ciliated pseudostratified columnar epithelium. 6 The main components of this epithelial layer are basal cells, goblet cells, and ciliated cells. 7 Basal cells own the ability to proliferate and differentiate into the other 2 cell types. Goblet cells are secretory cells that produce mucin. The ciliated cells are columnar epithelial cells that possess cilia. They function by moving the mucin toward the ostium, an opening connecting the maxillary sinus to the middle meatus in the nasal cavity. Blockage of this pathway could lead to accumulation of mucin and antral pressure in the sinus, eventually giving rising to symptoms, such as palpation pain around infraorbital region and headache. Many of the sinus diseases and some complications resulting from SALW are associated with the inability of the maxillary sinus to drain mucin.
Sinus diseases and abnormities are prevalent (40%) in patients scheduled for sinus lift procedures and the presence of those conditions is significantly correlated with a history of indicative symptoms. 8 In addition, their presence might increase the difficulties in performing the surgery and the risk of developing postoperative complications. 9 -11 As a result, maxillary sinus diseases should be recognized and managed with care before a sinus augmentation procedure. Many of them could be identified via a thorough medical and dental history evaluation, with a special focus on any signs and symptoms that might suggest a concern in the sinus. 8 A careful dental and periodontal examination especially for those teeth that are in the vicinity of the sinus should be executed to rule out any odontogenic lesions. Common sinus diseases that might interfere with the performance of SALW include acute/chronic rhinosinusitis, sinusitis of odontogenic origin, odontogenic cysts, pseudocysts, mucoceles, and retention cysts. The clinical and radiographic features of each of them was discussed in below and summarized in Table 1 .
Rhinosinusitis
The term rhinosinusitis has replaced sinusitis because of the close interrelationship between the 2 diseases. 12 Rhinosinusitis is defined as inflammation of the nose and paranasal sinuses. 13 Acute rhinosinusitis (ARS) is usually infectious and lasts up to 4 weeks, whereas chronic rhinosinusitis (CRS) is more inflammatory and has a minimal duration of either 8 or 12 weeks.
12 Apart from their differences in the duration and pathogenesis, symptoms associated with the 2 diseases are similar. More than 2 of the following symptoms are required to establish the diagnosis for both ARS and CRS: (1) anterior or posterior mucopurulent drainage, (2) nasal congestion, (3) facial/pain pressure, and (4) decreased sense of smell. 13 In addition, CRS may be diagnosed with objective methods, for example, a rhinoscopic or radiographic examination with a preference for computed tomography (CT). CRS can be further categorized into 3 subtypes with distinct but overlapping clinical characteristics: CRS without nasal polyposis, CRS with nasal polyposis, and allergic fungal rhinosinusitis. 13 Radiographically, ARS might present with an airfluid interface and CRS is associated with thickening of the sinus lining and radiopacity in the sinus.
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Odontogenic Sinus Diseases
Maxillary sinusitis of odontogenic origin account for approximately one tenth of total maxillary sinus diseases. 15 Common dental diseases that can cause sinusitis include periapical infection, periodontal disease, and perforation of the antral mucosa during tooth extraction. Other dental-related maxillary diseases are odontogenic cysts, for example, the radicular and dentigerous cyst. 16 These earlier mentioned diseases might serve as a reservoir for microbes, which might contaminate the grafting material and dental implants resulting in treatment failure if left untreated. As a result, before planning a SALW, a thorough dental examination is required to rule out the earlier mentioned diseases.
Pseudocyst, Retention Cyst, and Mucocele
A pseudocyst, as the name implies, is not a true cyst (without epithelium lining) while a retention cyst is. 17, 18 A pseudocyst is believed to be an accumulation of inflammatory exudates between the bony wall and periosteum. A retention cyst is formed when mucin is allowed to accumulate in a dilated seromucous duct that is blocked. Radiographically, a pseudocyst is characterized by its domeshaped radiopaque structure and is commonly found on the floor of the maxillary sinus. The prevalence of pseudocysts ranges from 7.3%
19 to 14% 20 on radiographs. On the other hand, a retention cyst is not readily seen on the x-ray because it is too small and if found, it is often around the ostium. Under normal conditions, both lesions are usually asymptomatic and require no treatment. However, when a SALW is planned, a pseudocyst might complicate procedures and risk the development of surgical complications.
A mucocele, on the contrary, is invasive in nature. The pressure generated from the fluid in the mucocele 
Management of Maxillary Sinus Diseases
A proposed treatment strategy is summarized in Figures 1 and 2 for patients who are diagnosed with maxillary sinus diseases and at the same time planned for SALW. From a medicolegal and preventive standpoint, dental surgeons should collaborate closely with an otorhinolaryngologist in managing maxillary sinus diseases. The general goal is to alleviate sinusrelated symptoms, eliminate the lesion and regain sinus membrane health before sinus augmentation. The procedures to achieve this goal may include a nonsurgical or a surgical approach or a combination of both.
More specifically, a mucocele should be removed first because of its aggressive nature and large size. If diagnosed during the sinus augmentation surgery, the pathologic tissue can be removed with a Caudwll-Luc procedure and the augmentation procedure is aborted. 21 CRS should be referred, when it is symptomatic or if the sinus membrane thickness is greater than one third of the height of the sinus. For maxillary sinus diseases of odontogenic origin, the lesion should resolve itself after dental procedures, which might include endodontic therapy, periodontal treatment, and extraction. 22 The retention cyst is often small, symptomless, and near the ostium. Therefore, no specific treatment is warranted.
The management of the pseudocyst is somewhat controversial and different approaches have been reported in several case reports. 19, 21, 23, 24 Sinus augmentation was performed with the presence of a pseudocyst in 2 cases. 23 One case developed an abscess postoperatively and was controlled by antibiotics, after which the implants had been followed for 7 months without further complications. In another study, 19 8 cases with a pseudocyst were treated with a standard SALW. Postoperative acute sinusitis and membrane perforation occurred in one and 2 cases, respectively. The authors concluded that a sinus lift procedure can be performed safely even when a pseudocyst is present; however, in cases of unclear diagnosis or if the cyst is large, further evaluation is recommended. On the other hand, Lin et al 24 suggested removing the pseudocyst routinely before SALW. In their case report, a 5 mm round window was created on the lateral wall of the sinus, from where the cyst was enucleated. The SALW was performed 3 months after the removal of the cyst. The authors claimed that this procedure allowed for elimination of the cyst and shortening of treatment time (a Caldwell-Luc procedure or an endoscopic surgery for cyst removal normally requires 6 months healing). The pseudocyst should be removed before sinus augmentation because of the following reasons. First, histopathologic examination can be performed to rule out any possible malignancy. Second, the healed sinus membrane after elimination of the cyst would be healthier, and thus facilitate the sinus elevation procedure. Third, the long-term effect of the pseudocyst on the grafting material and implants are not known. Whether the enucleation procedure is referred depends on the presence of symptoms and the location of the cyst. When the cyst is symptomatic or is medially located, an endoscopic surgery might be indicated and therefore should be referred to an otorhinolaryngologist.
Intraoperatively, the outcome of sinus augmentation is influenced by several factors, such as the presence of a membrane perforation, size of the perforation, presence of unexpected infection, and the ability to clean the infection. The presence of pus/exudate requires a debridement procedure and if the debridement could not be completed, the sinus augmentation should be aborted. If the size of the perforation is larger than 10 mm, the procedure generally should be terminated too. Postoperatively, decongestant medications and antibiotics should be prescribed and the patients should be informed about the possibility of having higher incidence of developing complications.
VARIATIONS IN THE ANATOMY COULD PREDISPOSE TO COMPLICATIONS
Sinus Septum and Membrane Perforation
The internal structures of the maxillary sinus have been described a hundred years ago. 25 It was not until the introduction of the SALW did these internal anatomies regain attention, and in particular, the septum. Articles related to the maxillary sinus septum are summarized in Table 2 . A septum is a bony projection with various sizes, locations, and orientations, most commonly arising from the floor of the maxillary sinus. The prevalence of the septum ranges from 16% to 33.3%, depending on ethnicity, methods used to identify a septum and the dentate status, etc.
26 -32 The septum has been found more commonly in edentulous than dentate status because of the presence of the secondary septum. 27 It was hypothesized that after tooth loss, a selective bony resorption of the sinus floor resulted in areas of protrusion and depression. The protrusive bony spike formed the secondary septum, in comparison with the primary septum, which was formed along with the development of the maxillary sinus. This theory was further supported by the fact that a primary septum is higher in size and may split a sinus into 2 compartments, whereas a secondary septum is considerably shorter. The septum was most commonly found at the molar area, 26,28-30 where a sinus augmentation procedure is commonly performed. The height of the septum varies greatly among studies, ranging from 1.63 26 to 11.7 mm. 28 A septum can be found more commonly in a mediolateral direction, partially separating the sinus into an anterior and posterior compartment, 28, 29 although a septum in the transverse and sagittal directions could also be found. To summarize, a septum, varying in size, location, and orientation is commonly present in the maxillary sinus. Its presence may increase the risk of a sinus membrane perforation during the surgery.
A membrane perforation is the most commonly encountered complication. 1 The mean prevalence of sinus perforation during sinus elevation procedures is 19.5%, with a range of 0% to 58.3%. 1 The highest perforation rate is associated with single tooth replacement. 27 It might be possible that the limited access had significantly increased the perforation rate. Whether membrane perforation incurs more postoperative complications and higher implant failure rate is debatable. Barone et al 33 found that the use of an onlay graft and/or smoking and not the membrane perforation is associated with higher postoperative infection rate. Becker et al 34 also suggested that with proper treatment, a perforation of the membrane did not elevate the risk for implant loss, infection, or displacement of grafting material. Schwartz-Arad et al 5 concluded that a membrane perforation significantly increased postoperative complications but it did not result in more implant failures. On the other hand, Cho-Lee et al 35 found that the implant survival rate was lower (81%) when surgical complications, membrane exposure or postoperative sinusitis occurred, compared with no complications (97.6%). Regardless of the controversies in the potential effect of membrane perforation on postoperative complications and implant failure, this intraoperative complication absolutely increase surgical difficulty and lengthen surgical time. It is, therefore, preferable to prevent the occurrence of a membrane perforation. Of equal importance is the management of a perforation once identified during the procedure. Table 3 summarized methods used to repair a membrane perforation of different sizes. A perforation Ͻ5 mm is generally repaired with a collagen membrane alone or sutures. 34, 36, 37 A perforation size between 5 and 10 mm might be treated with a collagen membrane alone, 36 in combination with sutures 34 or lamina bone harvested from the lateral wall after osteotomy. 37 It might be corrected with a demineralized freeze-dried human lamellar bone sheet. 38 Attempts were made to repair a larger perforation (Ͼ10 mm), including a demineralized freeze-dried human lamellar bone sheet, 38 lamina bone alone, combined with buccal fad pad, or the use of a block graft. 37 On the contrary, it was suggested to abandon the surgery. 34 From these clinical evidences, small to medium perforations might be repaired, after which the augmentation procedure could be completed without jeopardizing implant survival rate. However, when a large perforation occurs, the surgery should be terminated because lower implant survival rate was found in cases with a Ͼ10 mm perforation and a repair was attempted.
Management of Sinus Membrane Perforation
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Distributions of Blood Vessels and Massive Hemorrhage
Accidently injuring the blood vessels in the maxillary sinus might cause massive hemorrhage during an augmentation surgery. Therefore, it is important to understand the distributions and variations of these arteries. The artery that is located on the lateral wall where an osteotomy will be performed is especially important. It is the anastomosis of the posterior superior alveolar artery and infraorbital artery. In cadaver studies, this anastomosis could always be found 39, 40 ; however, from CT images only ϳ50% to 60% could be identified. 40 -42 Its location in relation to the alveolar crest was on average 11.25, 40 16.4, 41 18.0, 42 and 19 mm. 39 Because of its location, it was estimated that 20% of normally positioned lateral window osteotomies might come across this artery, potentially causing major bleeding. 41 The use of a piezoelectric machine for osteotomy might preserve the integrity of this artery because it only cuts hard tissue. 43 With regard to its relationship with the lateral sinus bony wall, it was found to be intraosseous 39, 41 or partially intraosseous. 40, 42 If it is located between the interior side of the bony wall and the Schneiderian membrane (partially intraosseous), care should also be taken not to tear it when ele- 
Location of the Ostium and Sinus Obliteration
The ostium is located 40 mm above the antral floor. 45 A case was reported for a patient who complained about frequent headache, sinus congestion, and discharge after a sinus augmentation procedure. 46 CT revealed that the grafting material occupied ϳ80% of the maxillary sinus and was just below the ostium. It was possible that the grafting material had blocked the normal fluid movement in the maxillary sinus and symptoms developed. Therefore, maxillary sinus should not be overpacked.
Migration of the Implant
Displacement of implant into sinus was reported sporadically in the literature.
47,48 the incidence of this complication is currently unknown and believed to be rare. The timing of its occurrence varies from several days after implant placement, 49 at abutment connection surgery, 50 or even several years after function. 51 The exact cause is not clear; however, 3 essential conditions must be present for this unfortunate incident to occur, these are a lack of osseointegration, membrane perforation, and a pushing force on the implant toward sinus. It is generally agreed that once the displacement is diagnosed, the implant should be removed as early as possible. Three main rescue therapies have been discussed and the treatment protocol has been developed, which comprises of intraoral approach (modified Caldwell-Luc procedure), functional endoscopic sinus surgery (FESS), and the combination of both. 47 According to their protocol, an intraoral approach is chosen when no symptoms of sinusitis are present and the ostium is patent, whereas a FESS is selected when there is obstruction of maxillary ostium without oroantral communications. The FESS is combined with an intraoral approach when sinusitis, obstruction of the ostium, and oroantral communications are all present. A high success rate (26 of 27 patients recovered completely) following this protocol suggests that this is an effective approach. Nevertheless, the best way is probably to prevent this complication from happening. Because of rare occurrence, it was difficult to identify the risk factors. Possible predisposing factors include inadequate residual ridge height, poor bone quality, and simultaneous implant placement with sinus augmentation.
CONCLUSIONS
The occurrence of surgical complications during SALW is most likely related to the presence of maxillary sinus pathoses and anatomical variations. Management strategies for antral diseases before, during and after the augmentation procedure were proposed. In addition, maxillary sinus anatomies, in particular the maxillary septum, ostium, and artery in the vicinity of the osteotomy site and their clinical significance were discussed. Correct diagnosis and management of sinus diseases and the knowledge of sinus anatomies could greatly reduce the incidence of surgical complications.
